Purpose SWOG S0016 was a phase III randomized study that compared the safety and efficacy of R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) with CHOP-RIT (CHOP followed by consolidation with iodine-133-tositumomab radioimmunotherapy) for previously untreated patients with follicular lymphoma. Understanding the long-term outcome of patients provides a benchmark for novel treatment regimens for FL. 
INTRODUCTION
Follicular lymphoma (FL) remains an incurable disease, and the goal of treatment is to achieve durable remissions using treatments with minimal short-and long-term complications. To date, immunochemotherapeutic regimens are the most effective treatment of FL in the first-line setting. 1, 2 The choice of immunochemotherapy has been the subject of controversy, with limited data regarding the long-term efficacy or toxicity of commonly used regimens. [3] [4] [5] [6] The SWOG S0016 study compared the efficacy and safety of R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) with CHOP-RIT (CHOP followed by consolidation with iodine-131 [
131 I] -tositumomab radioimmunotherapy) as first-line treatment of patients with FL to determine the superior anti-CD20
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compound. 7 At the time of initial reporting, S0016 demonstrated excellent outcomes, with 2-year progression-free survival (PFS) of 76% and 80% and 2-year overall survival (OS) of 97% and 93% in the R-CHOP and CHOP-RIT arms, respectively. 7 At the time of study design, CHOP was the standard backbone, 8 and both rituximab and RIT had previously been shown to increase treatment efficacy with acceptable toxicity. 9, 10 A randomized phase III study (FOLL05) later showed that R-CHOP had the best efficacy-to-toxicity ratio versus other commonly used regimens. 3 More recently, bendamustine with rituximab (BR) has become a preferred regimen among experts based on superior PFS and lower incidence of common toxicities in the randomized StiL (Study Group Indolent Lymphoma) trial after a median follow-up of 9 years. 1, 2, 11 However, there was no OS benefit after a median 45 months of follow-up. 5 The BRIGHT trial confirmed noninferiority of BR compared with R-CHOP or R-CVP (rituximab plus cyclophosphamide, vincristine, prednisone) in complete response (CR) and overall response rates, and a trend for improved PFS was recently reported after 5-year follow-up. 4, 12 More recently, novel agents have been introduced for treatment of lymphoid malignancies. 13 These include B-cell receptor inhibitors like idelalisib 14 and ibrutinib, 15 immunomodulatory drugs (lenalidomide), 16, 17 and a B-cell lymphoma 2 antagonist (venetoclax). 18 A growing number of studies are investigating the role of chemotherapy-free combinations using these agents for FL. 13 Given the long expected survival of patients with FL, it is imperative to understand the long-term efficacy and toxicity of these regimens. Here, we report the 10-year follow-up of the S0016 study.
PATIENTS AND METHODS

Eligibility
Patients with previously untreated CD20-positive FL of any histologic grade [1] [2] [3] were eligible if they had stage III to IV disease or stage II bulky disease (lymphadenopathy . 10 cm or . one third of thoracic diameter). Performance status of 0 to 2, granulocytes $ 1,500 cells/mL, and platelets $ 100,000/mL were required for enrollment. Patients were excluded if they had CNS involvement, were HIV positive, were pregnant or lactating, or had severe heart disease. Prior malignancies except for nonmelanoma skin cancer or in situ cervical cancer were also excluded. Investigators were encouraged not to enroll patients with asymptomatic or low-burden disease for whom a watch-and-wait strategy was reasonable.
Study Design and Protocol Treatments
The study design was previously described in detail. 7 Patients were randomly assigned to one of two treatment arms: R-CHOP or CHOP-RIT. In the initial design, there was a CHOP-only arm, which was closed after accrual of only 17 patients because of the convincing evidence of benefit with addition of rituximab to chemotherapy in patients with FL. Randomization was performed in a one-to-one fashion, with stratification based on b2 microglobulin (b2M) level. In the R-CHOP arm, patients received treatment per the Czuczman et al 19 protocol. CHOP was administered every 21 days at standard doses (cyclophosphamide 750 mg/m 2 intravenously, doxorubicin 50 mg/m 2 intravenously, and vincristine 1.4 mg/m 2 and prednisone 100 mg orally once per day for 5 days), and rituximab was administered on days 1, 6, 48, 90, 134, and 141 . Patients in the CHOP-RIT arm received CHOP at the same doses and interval followed by 131 I-tositumomab 4 to 8 weeks after the sixth cycle. The therapeutic dose was administered 1 to 2 weeks after the dosimetric dose with 450 mg of tositumomab followed by 35 mg of 131 I-tositumomab to deliver a 0.75-Gy whole-body dose in patients with normal platelet count or 0.65-Gy dose in patients with platelet count of 100,000 to 149,000/mL. Patients were removed from the study if they had disease progression or unacceptable toxicity or because of personal preference.
Assessment of Clinical Outcomes
All patients were assessed for response 200 and 365 days after initiation of therapy and whenever there was concern for disease progression. Computed tomography scans were performed every 6 months for the first 2 years and annually for 7 years or until relapse. A bone marrow examination was performed on day 200 if there was involvement before treatment and on day 365 in all patients unless there was disease progression. Development of secondary malignancies, especially myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML), was assessed at each follow-up visit, and an expedited (within 30 days) report of MDS or AML to SWOG and the National Cancer Institute was required.
Statistical Considerations
The original clinical trial design of S0016 required approximately 250 eligible patients to be randomly assigned to each treatment arm to have a power of 0.86 to detect an improvement in PFS with CHOP-RIT over R-CHOP, corresponding to a hazard ratio (HR) of 1.50 based on a onesided P value of .025 using a stratified log-rank test and assuming exponential PFS distribution. PFS and OS were primary end points. PFS was defined as the time from random assignment to first observation of progression or death. Patients last known to be alive and progression free were censored at the date of last contact. OS was defined as the time from random assignment to date of death or last follow-up. PFS and OS are reported on a modified intent-to-treat basis, in which only patients known to be ineligible were excluded. PFS and OS were estimated according to the Kaplan-Meier method. Treatment differences for PFS and OS were assessed by a stratified log-rank test at a two-sided a level of .05. A two-sided Fisher's exact test was used to compare the incidence of secondary malignancy development and probability of cause of death between treatment arms. Estimates of the cumulative incidence of death resulting from secondary malignancies or AML or MDS were calculated using the nonparametric Nelson-Aalen estimator. For comparisons between treatment arms, Gray 20 test statistics were used. Death resulting from other causes was considered a competing risk. Multivariable Cox proportional hazards models were used to test the prognostic significance of clinical factors regarding OS and PFS.
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RESULTS
Patient Characteristics
Between 2001 and 2008, 554 patients were randomly assigned to receive either R-CHOP (n = 279 patients) or CHOP-RIT (n = 275 patients). Twenty-three patients were later determined to be ineligible, and therefore, in the final analysis, 264 patients in the R-CHOP arm and 267 patients in the CHOP-RIT arm were included (Fig 1) . Baseline characteristics were well balanced between the two arms ( Table 1) . B symptoms were present in 29% of the patients treated with R-CHOP and 26% of those receiving CHOP-RIT, and 8% and 9% of patients had histologic grade 3 disease in the R-CHOP and CHOP-RIT arms, respectively. Seventy percent of patients in each treatment arm were considered intermediate or high risk according to the Follicular Lymphoma International Index (FLIPI), and one quarter (24% and 26%) of patients had bulky disease. Treatment was completed in 95% of patients in the R-CHOP arm and 92% of patients in the CHOP-RIT arm, for an overall completion rate of 93%.
Clinical Outcomes
Objective remissions were documented in 263 (99%) of 267 eligible patients treated with R-CHOP and 259 (98%) of 264 patients treated with CHOP-RIT. Twenty-three patients (9%) in the R-CHOP arm and 18 (7%) in the CHOP-RIT arm had inadequate assessments and were assumed to be nonresponders for the purpose of response rate estimation. The CR rates were 37% and 41% in the R-CHOP and CHOP-RIT arms, respectively. Eleven patients were lost to follow-up, and 13 patients withdrew consent. The median follow-up among these patients was 4.5 years (range, 50 days to 11 years). After a median follow-up of 10.3 years (range, 0.1 to 15.3 years), the 10-year PFS estimate was 49% (95% CI, 44.6% to 53.5%) and the 10-year OS estimate was 78% (95% CI, 74.4% to 81.8%) among all patients (Fig 2) .
A total of 152 patients in the R-CHOP arm and 118 in the CHOP-RITarm either experienced progression or died during followup, for an estimated 10-year PFS of 42% (95% CI, 36.2% to 48.5%) in the R-CHOP arm and 56% (95% CI, 50.0% to 62.3%) in the CHOP-RIT arm (two-sided stratified log-rank test P = .011). In the R-CHOP arm, 52 patients died, for an estimated 10-year OS of 81% (95% CI, 75.9% to 85.4%); there were 65 deaths in the CHOP-RIT arm, for an estimated 10-year OS of 75% (95% CI, 69.3% to 80.2%; two-sided stratified log-rank test P = .12; Figs 3A and 3B). Patients with grade 1 to 2 FL and those with grade 3 FL did not have different PFS (49% v 47%; P = .82) or OS (79% v 67%; P = .07). Similarly, comparing patients with bulky stage II disease versus patients with stage III to IV disease, there was no significant difference in PFS (HR, 0.69; 95% CI, 0.37 to 1.30; P = .25) or OS (HR, 0.48; 95% CI, 021 to 1.09; P = .08).
Second Malignancies
Incidence of second malignancies was not different between the two arms. Forty-three patients (16.1%) in the R-CHOP arm and 40 (15.1%) in the CHOP-RIT arm developed secondary malignancies (P =.81). Three patients in each arm developed more than one secondary malignancy. Nonmelanoma skin cancers were the most common type of nonhematologic malignancy, occurring in 10 (3.7%) and seven patients (2.6%; one patient had two skin cancer events) in the R-CHOP and CHOP-RITarms, respectively (Table 2 ). Five patients (1.8%) who were treated with R-CHOP and 13 (4.9%) who received CHOP-RIT developed myeloid malignancies (AML or MDS; P = .058). In the R-CHOP arm, two patients developed AML and three patients developed MDS. Detailed follow-up data were available for two of the three patients with MDS. Using the International Prognostic Scoring System score for MDS, 22 one patient had intermediate-risk and one had high-risk disease. In the CHOP-RIT arm, six and seven patients developed AML and MDS, respectively. MDS details were available for two patients who had high-risk or very high-risk disease.
Causes of Death
There were 117 deaths (R-CHOP arm, n = 52; CHOP-RIT arm, n = 65) during follow-up. Lymphoma or complications from lymphoma treatment (including stem-cell transplantTION) caused most of the deaths in both arms, with 29 events in the R-CHOP arm (57.7% of deaths) and 35 in the CHOP-RIT arm (53.8% of deaths). Second malignancies were responsible for 10 deaths (19.2% of deaths) in the R-CHOP arm and 17 deaths (26.1% of deaths) in the CHOP-RIT arm, followed by medical etiologies other than cancer, which caused death in nine patients (17.3% of deaths) in the R-CHOP arm and eight (12.3% of deaths) in the CHOP-RIT arm. Cause of death was unknown in four and five patients in the R-CHOP and CHOP-RIT arms, respectively (7.6% of deaths in each arm). There was no overall difference in causes of death between the two arms (two-sided Fisher's exact P = .33). To examine the contribution of secondary malignancies, particularly MDS and AML, to the death rate in each arm, we used a cumulative incidence function. Ten patients (3.7%) in the R-CHOP arm and 17 (6.4%) in the CHOP-RIT arm died as a result CONSORT diagram illustrating patient flow in SWOG protocol S0016. AE, adverse event; CHOP-RIT, cyclophosphamide, doxorubicin, vincristine, and prednisone followed by consolidation with iodine-133-tositumomab radioimmunotherapy; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone. Abbreviations: b2M, b2 microglobulin; BM, bone marrow; CHOP-RIT, cyclophosphamide, doxorubicin, vincristine, and prednisone followed by consolidation with iodine-133-tositumomab radioimmunotherapy; FLIPI, Follicular Lymphoma International Prognostic Index; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone.
jco.org of secondary malignancies during follow-up. This translated to an estimated 10-year cumulative incidence of death of 3.2% (95% CI, 1.5% to 6.1%) in the R-CHOP arm and 7.1% (95% CI, 4.3% to 10.9%) in the CHOP-RIT arm; there was no statistical difference in incidence of death resulting from secondary malignancies (P = .16). AML or MDS caused death in two (0.7%) and 10 patients (3.7%) in the R-CHOP and CHOP-RIT arms, respectively. The estimated 10-year cumulative incidence of death was 0.9% (95% CI, 0.2% to 3.2%) in R-CHOP arm and 4.0% (95% CI, 2.0% to 7.0%) in the CHOP-RIT arm (P = .02; Figs 4A and 4B).
Prognostic Factors for Clinical Outcomes
In a multivariable analysis, we examined the prognostic significance of clinical factors regarding OS and PFS. In the initial report of this study previously published, elevated serum b2M, elevated lactate dehydrogenase (LDH), and high FLIPI score were associated with lower PFS and OS. 7 For this analysis presented here, we included those factors and added bulky disease to assess the possible differential efficacy of RIT. In a retrospective subgroup analysis, patients with bulky disease (R-CHOP arm, n = 63; CHOP-RIT arm, n = 64) were assessed, and no significant difference in response rate (85.7% v 79.6%) was observed (P = .37). Among patients who had bulky disease, there was also no significant difference in PFS or OS between the two treatment arms (two-sided log-rank P = .33 and .19, respectively).
DISCUSSION
With almost 10 years of follow-up, patients with FL treated in the SWOG 0016 study showed outstanding survival in both R-CHOP and CHOP-RIT arms and represent the best-published long-term outcomes to date to our knowledge in this disease. At 10 years, almost 80% of the entire cohort was alive and 50% were disease free. Patients treated with CHOP-RIT had significantly longer PFS, but OS was not different between the two arms. This study provides the longest follow-up data on first-line treatment of FL using immunochemotherapy to our knowledge, and the clinical outcomes can serve as a benchmark in this setting. These results emphasize the importance of long-term followup and call into question the validity of PFS as a surrogate end point for OS in this patient population. Poor correlation of PFS with OS in FL has previously been shown, 23 and a number of alternative surrogate end points like CR at 30 months, 24 PFS at 24 months, 25 and event-free survival at 12 months 26 have been suggested for clinical trials and practice, given their strong Overall survival (OS; blue) and progression-free survival (PFS; gold) of all patients (N = 531) in the S0016 study who were randomly assigned to either the R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) or CHOP-RIT (cyclophosphamide, doxorubicin, vincristine, and prednisone followed by consolidation with iodine-133-tositumomab radioimmunotherapy) arm.
correlation with OS. Assessment of these novel end points may not be feasible in previously conducted studies because of the differences in clinical assessment time points and evolving surveillance strategies. Therefore, long-term follow-up for OS rates remains critical. In recent years, bendamustine-based regimens have become the treatment of choice based on promising results from prospective clinical trials. Rummel et al 5 reported significantly better PFS in the BR arm compared with R-CHOP in a subgroup analysis of patients with FL (median PFS not reached v 40.9 months). A recent 9-year follow-up of that study showed that patients treated with BR had superior PFS and time to next treatment compared with those who received R-CHOP. 11 The poor performance of R-CHOP in that study compared with survival in the S0016 or FOLL05
3 study could at least in part be explained by the different criteria used for treatment initiation, but it also raises questions about the true superiority of BR. In the BRIGHT study, BR was reported to be noninferior to R-CHOP and R-CVP based on initial response rates. A recently reported 5-year follow-up of the BRIGHT study showed a trend toward better PFS for BR (HR, 0.70; P = .058) but no OS benefit among patients with indolent non-Hodgkin lymphoma. 4, 12 Details of those follow-up studies are critically important from the efficacy standpoint and in regard to safety, especially in light of the GALLIUM study, which demonstrated the PFS advantage of obinutuzumab over rituximab when added to chemotherapy for FL but also showed that fatal adverse events were more common in patients who received bendamustine in both the rituximab and obinutuzumab arms. 6 In our study, CHOP-RIT was superior to R-CHOP from a PFS standpoint, but this advantage did not translate to an OS benefit. Given the potential risk of second malignancies, especially MDS and AML, with the RIT approach, 27 we examined the incidence and possible contribution of second malignancies to death in both arms. Patients who received CHOP-RIT had a numerically higher rate of MDS or AML (4.9% v 1.8%) that almost reached the level of statistical significance (P = .05). These rates are consistent with previously reported MDS or AML rates of 3.5% after RIT 28 and 2.1% after immunochemotherapy for indolent non-Hodgkin lymphoma.
29 Detailed information on the characteristics of MDS was available for only 40% of the patients. With this limitation in mind, 60% of patients with MDS or AML in each arm had either AML or high-or very high-risk MDS per IPSS-R. 22 Overall, we did not find differences in causes of death between the two arms. However, although there was no difference in the cumulative incidence of death resulting from second malignancies between the two arms, cumulative incidence of death resulting from MDS or AML was higher in the CHOP-RIT arm. It should be noted that only 12 patients died as a result of MDS or AML during follow-up in the study, and therefore, these results should be interpreted with caution given the small number of events. Incidence of histologic transformation (HT) could not be assessed in this study, because biopsy was not mandatory at the time of relapse. Considering a majority of HTs occur early after induction treatment, along with the comparable OS rates between the two arms and among other studies, a major difference in the HT rate in our study seems unlikely. 30, 31 Although the introduction of novel and noncytotoxic therapeutic agents may change future treatment options, 32 chemoimmunotherapy Estimates of 10-year cumulative incidence were (A) 3.2% and 7.1% (P = .16) and (B) 0.9% and 4.0% (P = .02) in the R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) and CHOP-RIT (cyclophosphamide, doxorubicin, vincristine, and prednisone followed by consolidation with iodine-133-tositumomab radioimmunotherapy) groups, respectively. 
